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We study the bispectrum of the primordial curvature perturbation on uniform-density hypersurfaces generated
by a kind of the noncanonical warm inflation, wherein the inflation is provided by a noncanonical scalar inflaton
field that is coupled to radiation through a thermal dissipation effect. We obtain an analytic form for the nonlinear
parameter fNL that describes the non-Gaussianity in first-order cosmological perturbation theory and analyse
the magnitude of this nonlinear parameter. We make a comparison between our result and those of the standard
inflation and the canonical warm inflation. We also discuss when the contribution to the non-Gaussianity due
to the second-order perturbation theory becomes more important and what effect can be observed. We take the
Dirac-Born-Infeld (DBI) inflation as a concrete example to find how the sound speed and the thermal dissipation
strength to decide the non-Gaussianity and to get a lower bound of the sound speed constrained by PLANCK.
PACS numbers: 98.80.Cq
I. INTRODUCTION
Inflation, a quasi-exponential expansion of the very early
Universe, is the most commonly adopted and successful
model to explain the problems such as horizon, flatness and
monopole [1–3]. A most charming feature of the inflation is
that it can predict the generation of a nearly flat spectrum of
primordial perturbations, which fit the observations of cos-
mological microwave background (CMB) exactly. Such per-
turbations naturally arise from vacuum fluctuations of quan-
tum fields in standard inflation [4, 5] or thermal fluctuations
in warm inflation [6–8]. There are two candidates of inflation
so far - standard (also named cold inflation) and warm infla-
tion as we just mentioned. They share the advantages such
as successfully solving the horizon and flatness problem and
naturally producing seed to give rise to the large scale struc-
ture of the Universe. In addition, warm inflation has some
improved character compared to standard inflation. For ex-
ample, the constant production of radiation through the in-
teraction between inflaton and other sub-dominated fields can
lead the Universe go into radiation dominated phase smoothly.
And warm inflation can also cure the ‘eta problem’ [9] and the
overlarge amplitude of the inflaton suffered in standard infla-
tion [10, 11]. The inflaton in warm inflation is not isolated
as in cold inflation, so the evolution equation of inflaton is
modified by an additional thermal damped term adding to it
due to its interactions with other fields. So in warm inflation
the damped effect is stronger and the slow-roll conditions are
much more easily to be realized [12–14].
The inflaton usually used in standard inflation can be di-
vided into two kinds: canonical and noncanonical scalar
fields. Canonical field is the most commonly used one in infla-
tionary scenario with the Lagrangian densityL = X−V , where
X = 12 g
µν∂µφ∂νφ is the kinetic term and V is the potential of
inflaton. However, noncanonical field with a general form of
Lagrangian density L = L(X, φ) can generalize the scope of
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inflation, where L(X, φ) is an arbitrary function of the inflaton
φ and the kinetic term X that satisfied the conditions proposed
in [15]. Much work have been done in the context of the non-
canonical standard inflation [15–23] and a lot of novel phe-
nomena have been revealed, such as the less restricted slow-
roll conditions, the usual sub-light ‘sound speed’ (denotes as
cs ) for inflaton scalar perturbations, the modified expression
of power spectrum and consistency equation, and in particu-
lar significant non-Gaussianity [24]. As far as we know, the
warm inflation is always dealt with the canonical fields except
in [25] where a warm Dirac-Born-Infeld (DBI) inflationary
model was proposed. Since the warm inflation and the non-
canonical standard inflation both have some differentiable and
good novel features, it’s meaningful and interesting to com-
bine them. We extend the warm inflation from canonical fields
to a general noncanonical fields in [26] and build a new and
broader picture of inflation. With stronger Hubble damping
term and thermal damping term, stability analysis gave the
even less restricted slow-roll conditions and a new but still
scale-invariant power spectrum was obtained [26]. The energy
scale of inflation when Hubble horizon crossing, the produc-
tion of gravitational wave and consistency equation all acquire
modification from both noncanonical effect and thermal ef-
fect. The non-Gaussianity generated in the new picture hasn’t
been fully researched and it’s the main task of our paper.
Although the inflation is a successful and elegant picture to
explain the problem of horizon, flatness and large scale struc-
ture of the Universe etc, there still exists a degeneracy prob-
lem [22], i.e. a single set of observables maps to a range of
different inflaton models (canonical and noncanonical fields
with different potentials). Even a precise measurement of the
spectral index, the running of spectral index, and the detection
of gravitational wave will not allow us efficiently discriminate
among them. There is another observable - non-Gaussianity
can provide more information about the mechanism chosen
by nature. Non-Gaussianity, as the name implies, is the de-
viation from a Gaussian statistics and the presence of higher-
order correlation functions, such as the bispectrum [27, 28]
and the trispectrum [29]. The primordial curvature pertur-
bation in slow-roll inflationary scenario is almost Gaussian
with an almost scale-invariant spectrum. Research on the is-
2sue of non-Gaussianity in standard inflation has been done a
lot in both canonical theory [30–35] and noncanonical theory
[36, 37]. The non-Gaussianities in multi-field inflation were
calculated using δN-formalism in some papers [38–40]. The
single-field slow-roll inflation model itself produces negligi-
ble non-Gaussianity, and in noncanonical or multi-field infla-
tionary models, the non-Gaussianity can be significant. Non-
Gaussianity was considered in different approach in [41–43]
in both strong and weak regime of canonical warm inflation.
Our paper concentrates on the issue of non-Gaussianity in
noncanonical warm inflation and make some comparisons be-
tween the new model and other inflationary models. The cal-
culations about non-Gaussianity in kinds of models are almost
all results of the first-order cosmological perturbation theory,
and the analysis of the second-order cosmological perturba-
tion theory is really complicated. Non-Gaussianity is often
characterized by a nonlinear parameter fNL. Some calcula-
tions in the context of the second-order perturbation theory
were done [32, 34, 44, 45] and yield fNL ∼ O(1) regardless of
the inflationary models. We’ll also compare our result with the
general second-order theory result. The new observations of
PLANCK find no evidence for primordial non-Gausssianity
for usual shapes (such as local, equilateral and orthogonal
shapes) [46].
The paper is organized as follows: In Sec. II, we introduce
the new noncanonical warm inflationary scenario and review
the basic equations of the new picture. Then in Sec. III, we get
the evolution equations for the first- and second-order scalar
field perturbations. Then the nonlinear parameter fNL which
can describe the non-Gaussian signatures in the new scenario
is obtained in Sec. IV and the special DBI warm inflationary
example is discussed. Finally, we draw the conclusions in Sec.
VI.
II. NONCANONICAL WARM INFLATION DYNAMICS
Warm inflation occurs when there is a significant amount
of radiation production during the inflationary epoch and the
Universe is hot with a non-zero temperature T . In noncanoni-
cal warm inflationary case, the total matter action of the multi-
component Universe is
S =
∫
d4x
√−g [L(X, φ) +LR +Lint] , (1)
where the Lagrangian density of the noncanonical field is
Lnon−can = L(X, φ), LR is the Lagrangian density of radia-
tion fields and Lint denotes the interaction between the scalar
fields. Usually the noncanonical Lagrangian should satisfy
the conditions: LX ≥ 0 and LXX ≥ 0 [15, 23], where a sub-
script X denotes a derivative. The energy density and pressure
of the noncanonical field are: ρ(φ, X) = 2X (∂L/∂X) − L,
p(φ, X) = L. In the Friedmann-Robertson-Walker (FRW)
Universe, the field is homogeneous, and we can get the equa-
tion of motion of the scalar field through varying the action.
We consider the case that the Lagrangian density has a separa-
ble general form kinetic term and a potential term as in [26],
i.e. L = K(X) − V(φ), where K is the noncanonical kinetic
term which is weakly dependent or independent on φ [15].
Then the equation of motion of the noncanonical scalar field
during warm inflation can be derived under some calculations
[26]:
LXc−2s ¨φ + (3HLX + Γ) ˙φ + Ve f f ,φ(φ, T ) = 0, (2)
where Γ is the dissipative coefficient due to thermal
dissipation effect in warm inflation, c2s = PX/ρX =
(1 + 2XLXX/LX)−1 is the ‘sound speed’ which describes the
traveling speed of scalar perturbations, H is the Hubble pa-
rameter and Ve f f denotes the effective potential (the subscripts
φ and X both denote a derivative and for simplicity we’ll write
Ve f f as V hereinafter). The interaction between the inflaton
and other fields leads to thermal damping effect of inflaton
and energy transfer to radiation [11], which can be character-
ized by the entropy production equation:
T s˙ + 3HT s = Γ ˙φ2 (3)
The number of e-folds is given by
N =
∫
Hdt =
∫
H
˙φ
dφ ≃ − 1
M2p
∫ φend
φ∗
V(LX + r)
Vφ
dφ, (4)
where r = Γ/3H is the dissipation strength that parameterizes
the efficiency of warm inflation (r ≫ 1 denotes strong warm
inflation and r ≪ 1 denotes weak warm inflation).
Inflation is often associated with slow-roll approximation to
drop the highest derivative terms in the equations of motion,
the same in the new picture:
(3HLX + Γ) ˙φ + Vφ(φ, T ) = 0, (5)
3HT s − Γ ˙φ2 = 0. (6)
The validity of slow-roll approximation depends on slow-roll
conditions characterized by slow-roll parameters defined as:
ǫ =
M2p
2
(Vφ
V
)2
, η = M2p
Vφφ
V
, β = M2p
VφΓφ
VΓ
, (7)
and two parameters about the temperature dependence:
b =
TVφT
Vφ
, c =
TΓT
Γ
, (8)
where M2p = 1/8πG is the reduced squared Planck mass. The
slow-roll assumptions can be more easily to be guaranteed
when
ǫ ≪ LX + r
c2s
, β ≪ LX + r
c2s
, η ≪ LX
c2s
, b ≪ min{LX , r}(LX + r)c2s
, |c| < 4
in noncanonical warm inflationary scenario [26], which makes
the analysis of the new model maneuverable.
3III. EVOLUTION OF PERTURBATIONS DURING
NONCANONICAL WARM INFLATION
Thermal fluctuations dominate over quantum fluctuations
in warm inflation and thermal noise is introduced in the evo-
lution of the perturbations. Thermal fluctuations in radiation
are coupled to the inflaton as a consequence of the damp-
ing term in the inflaton evolution equation, and their ampli-
tude is fixed by a fluctuation-dissipation theorem. This means
that both entropy and curvature perturbations must be present.
Fortunately on large scales only the pure curvature perturba-
tion survives [12]. And primordial cosmological perturba-
tions are usually expressed in terms of the curvature pertur-
bation on uniform energy density hypersurfaces, denoted by
ζ. The quantity is widely used because it’s conserved on large
scales in simple models, even beyond linear order perturba-
tion theory [33, 34, 47, 48]. In order to treat the fluctuations
of the primordial curvature perturbation, we utilize the sim-
ilar stochastic approach which has been used in strong and
weak warm inflation [42, 43]. In the linear order perturba-
tion theory for the slow-roll single field inflation (noncanon-
ical warm inflation is dominated by one single noncanonical
inflaton field in overdamped slow-roll regime), the curvature
perturbation on uniform density hypersurfaces is given by a
gauge-invariant linear combination: ζ = ψ + H
˙φ
δφ, where ψ
is spatial metric perturbation and δφ is perturbations about
homogeneous inflaton fields. For convenience, we calculate
in the commonly used spatially flat gauge (where ψ = 0).
Considering the perturbations, we expand the full inflaton
field as Φ(x, t) = φ(t) + δφ(x, t), with φ(t) being the homo-
geneous background field and δφ ≪ φ(t). The behaviour of
a scalar field interacting with radiation can be analysed us-
ing the Schwinger-Keldysh approach to non-equilibrium field
theory [49, 50]. And the evolution equation of the full inflaton
field coupled to radiation is described by a Langevin equation
[41, 51]:
LXc−2s ¨Φ(x, t) + (3HLX + Γ) ˙Φ(x, t) + Vφ(Φ(x, t))
−LX ∇
2
a2
Φ(x, t) = ξ(x, t), (9)
where ξ is the thermal stochastic noise in thermal system with
zero mean 〈ξ〉 = 0. In the high temperature limit T → ∞, the
noise source is Markovian: 〈ξ(k, t)ξ(k′, t′)〉 = 2ΓT (2π)3δ3(k−
k′)δ(t − t′) [7, 52]. Then we take the Fourier transform and
obtain the evolution equation for the full inflaton in slow-roll
regime:
dΦ(k, t)
dt =
1
3HLX + Γ
[
−k2LXδφ(k, t) − Vφ(Φ(k, t)) + ξ(k, t)
]
,
(10)
where k is the physical momentum with the notation k ≡
kphy = kcom/a (kcom is the comoving momentum) and the
magnitude will be denoted as k = |k|.
In order to calculate the predicted bispectrum from Eq.
(9), we should expand the inflaton fluctuations to second-
order: δφ(x, t) = δφ1(x, t) + δφ2(x, t), where δφ1 = O(δφ)
and δφ2 = O(δφ2). Then the equations of motion for the first-
and second-order fluctuations in Fourier space can be obtained
from Eq. (10):
d
dtδφ1(k, t) =
1
3HLX + Γ
[
−LXk2δφ1(k, t)
− Vφφ(φ(t))δφ1(k, t) + ξ(k, t)
]
, (11)
d
dtδφ2(k, t) =
1
3HLX + Γ
[
−LXk2δφ2(k, t) − Vφφ(φ(t))δφ2(k, t)
− 1
2
Vφφφ(φ(t))
∫ dp3
(2π)3 δφ1(p, t)δφ1(k − p, t)
− k2LXX
∫ dp3
(2π)3 δφ1(p, t)δX1(k − p, t)
]
, (12)
where δφ1 is the linear response due to ξ that acquires the
whole thermal effect of the thermal noise and δX1(k) ≃
˙φ(t)δ ˙φ1(k, t). From the stochastic statistics properties we can
see that the first-order inflaton perturbations δφ1 are Gaussian
fields and their bispectrum vanishes. The analytic form solu-
tions to the evolution equations (11) and (12) are respectively:
δφ1(k, t) = A(k, t)
∫ t
t0
dt′ ξ(k, t
′)
3HLX + Γ
A−1(k, t′)
+ A(k, t)δφ1(ke−H(t−t0), t0), (13)
δφ2(k, t) = A(k, t)
∫ t
t0
dt′
[
B(t′)
∫ dp3
(2π)3 δφ1(p, t
′)δφ1(k − p, t′)
− k
2LXX
√
2X
(3HLX + Γ)2
∫ dp3
(2π)3 δφ1(p, t
′)ξ(k − p, t′)

× A−1(k, t′) + A(k, t)δφ2(ke−H(t−t0), t0), (14)
where the parameters A and B are given by
A(k, t) = exp
[
−
∫ t
t0
(Lxk2 + Vφφ
3HLX + Γ
)
dt′
]
, (15)
B(k, t) = − Vφφφ6H(LX + r) +
k2LXX
√
2X
3H(LX + r)τ . (16)
In the solutions above, both the second terms on the right
hand side are ‘memory’ terms that reflect the state of the given
mode at the beginning time t0. And the parameter in the ex-
pression A (denotes as τ(φ) = 3HLX+ΓL2Xk2+m2 where m
2
= Vφφ is the
effective squared inflaton mass) can describe the efficiency of
the thermalizing process. We can see from Eq. (13) that the
larger squared magnitude of the physical momentum k2 is, the
faster the relaxation rate is. If k2 is sufficiently large for the
mode to relax within a Hubble time, then that mode thermal-
izes. While as soon as the physical momentum of a Φ(x, t)
field mode becomes less than kF , it essentially feels no effect
of the thermal noise ξ(k, t) during a Hubble time [8, 26]. To
quantify this criterion, the freeze-out momentum kF is defined
by the condition
LXk2F + m2
(3HLX + Γ)H = 1 (17)
4That the mass term can be negligible is guaranteed by the
slow-roll conditions and we can work out the freeze-out mo-
mentum kF =
√
3H2(LX+r)
LX . We can see that for strong regime
of warm inflation, the fluctuations freeze in well before hori-
zon exit, while in weak regime of warm inflation or the case
that noncanonical effect dominate over thermal effect, fluctu-
ations freeze in almost when horizon crossing.
IV. NON-GAUSSIANITY FOR THE NONCANONICAL
WARM INFLATION
For a perfect Gaussian distribution quantity, the two-point
correlation function (or power spectrum as its Fourier trans-
form) is all that is needed in order to completely character-
ize it from a statistical view and all the connected corrections
higher than two-point vanish. If the distribution has some de-
parture from perfect Gaussian one, then the higher-order cor-
relation functions appear. The lowest-order statistics that is
able to distinguish non-Gaussian from Gaussian perturbations
is the three-point correlation function (or bispectrum). We
know that the first-order inflaton perturbations δφ1 are Gaus-
sian fields and their bispectrum must vanish. So the leading
order of the non-Gaussianity of the fluctuations is the bis-
pectrum generated from two first-order and one second-order
fluctuations as
〈δφ(k1, t)δφ(k2, t)δφ(k3, t)〉
= A(k3, t)
∫ t
t0
dt′A−1(k3, t′)
[
B(t′)
∫ dp3
(2π)3 〈δφ1(k1, t)δφ1(k2, t)δφ1(p, t
′)δφ1(k3 − p, t′)〉
− k
2LXX
√
2X
(3HLX + Γ)2
∫ dp3
(2π)3 〈δφ1(k1, t)δφ1(k2, t)δφ1(p, t
′)ξ(k3 − p, t′)〉
 + A(k3, t)〈δφ1(k1, t)δφ1(k2, t)δφ2(k3e−H(t−t0), t0)〉
+ (k1 ↔ k3) + (k2 ↔ k3). (18)
The amplitude and slope of the bispectrum are determined at
the time when cosmological scale exiting the horizon, nearly
60 e-folds before the end of inflation and for k1, k2 and k3 all
within a few e-folds of crossing the horizon. The parameter
B(k, t) in the expression above is slowly varying so it can be
approximated as a constant. When evaluating the three-point
correlation function, the parameter A(k, t) is weakly depen-
dent on t and can have the approximation A(k, t − t0) ≈ 1
in the small time interval as stated in [42]. Since we have
kF > H in noncanonical warm inflationary model, it implies
the δφ correlations that must be computed at time of Hubble
horizon crossing k = H, are the thermalized correlations that
were fixed at freeze-out time k = kF [8]. So the time interval
in the corrections is given by
∆tF = tH − tF ≃ 1H ln
(
kF
H
)
. (19)
Thus Eq. (18) becomes
〈δφ(k1, t)δφ(k2, t)δφ(k3, t)〉 ≃ 2B(t)∆tF
×
[∫ dp3
(2π)3 〈δφ1(k1, t)δφ1(p, t)〉〈δφ1(k2, t)δφ1(k3 − p, t)〉
+ (k1 ↔ k3) + (k2 ↔ k3)] (20)
Now we’ll dicuss the three-point statistics of the curvature
perturbations. The bispectrum of curvature perturbation ζ is
defined as
〈ζ(k1)ζ(k2)ζ(k3)〉 = (2π)3Bζ(k1, k2, k3)δ3(k1 +k2 +k3). (21)
In spatially flat gauge we have the relation:
ζ =
H
˙φ
δφ. (22)
And since the inflaton fluctuation distributions are Gaussian
dominating, the curvature perturbations are also Gaussian
term dominating. For that case, the bispectrum can have the
general form
Bζ(k1, k2, k3) = −65 fNL
[
Pζ(k1)Pζ(k2) + cyclic
]
, (23)
where fNL is the non-linear parameter that often used to de-
scribe the non-Gaussian signatures. Through the Eqs. (20)
(22) and (23), we can get the result:
fNL = −56
˙φ
H
2B(kF , tF)∆tF
=
5
6
˙φ
H
Vφφφ(φ(tF))
3HLX + Γ
1
H
ln
(
kF
H
)
− 56 ln
(
kF
H
) (
1
c2s
− 1
)
= −56 ln
√
3(LX + r)
LX
[
ǫε
(LX + r)2 +
(
1
c2s
− 1
)]
, (24)
where ε = 2M2p
Vφφφ
Vφ can be seen as a slow-roll parameter
which has the same magnitude as the slow-roll parameter η in
the monomial potential case. Thus we obtained the non-linear
parameter fNL in the context of noncanonical warm inflation-
ary theory which can be compared to the observations. The
result we get in the new case can reduce to that in canonical
5warm inflationary case [42, 43] when cs = 1 and coincide
with those in standard noncanonical case such as in DBI in-
flation and k-inflation qualitatively when noncanonical effect
is dominated (cs ≪ 1) [24, 37, 46]. The non-Gaussianity de-
scribed by the non-linear parameter in strong regime of canon-
ical warm inflation [42] has the same order as in standard in-
flation [30]. And the magnitude of non-linear parameter in
weak regime of canonical warm inflation [43] is less than that
of standard inflation for one order. The situation in our new
case is more complicated for the dependence of more param-
eters. From the expression of Eq. (24), and the analysis in
[26, 42, 43] we can see that the non-Gaussianity in our new
case is significant to some degree than in canonical warm in-
flation and the same order as in standard noncanonical infla-
tion. In order to analysis the magnitude of fNL, we utilize the
slow-roll conditions we get in [26] to find that the first term
in Eq. (24) is really small when horizon crossing and thus we
can have:
| fNL | ≃ 56
(
1
c2s
− 1
)
ln
√
3(LX + r)
LX
(25)
We find from the expression above that a small ‘sound speed’
of the inflaton can much enhance the amount of the non-
Gaussianity just as in noncanonical standard inflation, while
the strong dissipative effect of warm inflation can also en-
hance the amount of the non-Gaussianity to some degree. The
stronger the noncanonical effect is, the more the departure
from Gaussianity is. The above analysis are results in the con-
text of first-order cosmological perturbation theory, and there
is a contribution that comes from the evolution of the ubiq-
uitous second-order cosmological perturbation after inflation.
The second-order perturbation evolution is model independent
and introduce a contribution fNL ∼ O(1). So in the limit of low
‘sound speed’, the first-order result is dominated while in the
canonical standard inflationary case the first-order contribu-
tion is negligible and overwhelmed by the second-order one.
However, the new observations of PLANCK satellite suggest
no evidence for primordial non-Gaussianity [46] and place a
upper bound | fNL | < O(102), so the ‘sound speed’ should not
be too small.
V. AN EXAMPLE: DBI INFLATION
Here we concentrate on one kind of important and repre-
sentative noncanonical inflationary case: Dirac-Born-Infeld
(DBI) inflation as a concrete example. The warm DBI in-
flationary case was specially considered in [25], but the spe-
cialized issue of non-Gaussianity was absent. DBI inflation
[24, 37, 53] is motivated by brane inflationary models [54–
56] in warped compactifications [57–59]. The slow-roll con-
ditions in DBI inflation can be much more easily satisfied than
in canonical standard slow-roll inflation [26]. There are two
kinds of DBI inflationary models: named ultraviolet (UV)
model (the inflaton moves from the UV side of the warped
space to the IR side under the potential) and infrared (IR)
model (the inflaton moves from the IR side of the warped
0.2
0.4
0.6
0.8
1.0
-400
-300
-200
-100
0
0
200
400
600
800
1000
f N
L
r
-475.0
-412.5
-350.0
-287.5
-225.0
-162.5
-100.0
-37.50
25.00
s
c
FIG. 1: (colour online). The non-linear parameter fNL with different
sound speed cs and dissipation strength r, fNL = fNL(cs, r) is shown.
space to the UV side under the potential) [24, 53]. However,
the UV DBI model is already at odds with observations [46],
so we consider only the IR DBI model here. The potential of
IR DBI inflationary model is given by
V = V0 − 12βH
2φ2, (26)
where β ≤ 0.7 is constrained by PLANCK’s observations
[46].
The DBI Lagrangian is of the form
LDBI = f −1
[
1 −
√
1 − 2 f X
]
− V(φ), (27)
where φ is the DBI inflaton field with potential V and f is
the warp factor of an AdS-like throat. The kinetic term of
DBI may depend on φ but the dependence is weakly [15, 26]
and so we consider the DBI Lagrangian with a constant warp
factor f = Λ−4 as in [15] whose equation of motion can be
given by Eq. (2). A general inflationary Lagrangian L(X, φ)
in a general gauge can reduce to canonical or DBI inflation in
the specific gauge LX = c−1s . Thus the nonlinear parameter in
our IR DBI warm inflationary example can reduce to
fNL = −56
(
1
c2s
− 1
)
ln
√
3cs
(
1
cs
+ r
)
. (28)
The picture of how the non-linear parameter fNL varies with
sound speed cs and dissipative strength r is shown in Fig. 1.
Using the PLANCK observation constraint f DBINL = 11 ± 69
[46] we can obtain cs ≥ 0.09 for our model, and in the
standard DBI inflation the sound speed was constrained by
cs ≥ 0.07, so for completeness we plot the image in the inter-
val 0.07 ≤ cs ≤ 1. And for completeness we plot the image in
the interval 0 ≤ r ≤ 1000 from weak regime (r ≪ 1) of warm
inflation to strong regime (r ≫ 1) in Fig. 1.
We can see from Fig. 1 that the non-Gaussian signature in
noncanonical warm inflation is dominated by the noncanoni-
cal effect rather than the dissipation effect. From the Eq. (28)
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FIG. 2: (colour online). The non-linear parameter fNL as a function
of sound speed cs (0.07 ≤ cs ≤ 1) in different dissipation strength of
warm inflation.
we can see that strong dissipation effect (i.e. large r) can also
enhance the amount of non-Gaussianity, but it’s not as obvious
as small ‘sound speed’. To find intuitively how the non-linear
parameter varies with different strength of warm inflation, we
plot the picture as shown in Fig. 2. From Fig. 2 we can
see that the larger r is, the larger | fNL | is, especially in small
‘sound speed’ regime, and when cs → 1, the difference with
different dissipation strength is not obvious. The larger the
sound speed is, the weaker dependence of non-linear parame-
ter on dissipation strength is.
VI. CONCLUSIONS
We have introduced the noncanonical warm inflationary
scenario proposed in [26] and reviewed the dynamics in the
new scenario. The new model can be safely dealt with slow-
roll approximation for the easily satisfied slow-roll condi-
tions. In order to calculate the primordial non-Gaussianity
of the curvature perturbation, we evolved the perturbations
up to second-order in the spatially flat gauge. We obtained
the equations of motion for the first- and second-order scalar
field perturbations. Thermal stochastic noise was introduced
in the evolution of fluctuations of scalar field as warm infla-
tion indicated. We can get the analytic form solutions to the
evolution equations. Based on these study, a non-zero bis-
pectrum characterized by the non-linear parameter fNL of the
curvature perturbation can eventually be obtained for the new
model. The inflaton fluctuations is Gaussian term dominat-
ing and so the bispectrum can have the generic form of Eq.
(23). The non-Gaussian signature of the noncanonical warm
inflation is more significant than that of the canonical warm
inflation for the noncanonical effect especially in small sound
speed regime. We find that both warm and standard infla-
tion have almost the same magnitude for the non-Gaussianity
( fNL ∼ −(c−2s − 1)). The magnitude of non-Gaussianity in
general noncanonical warm inflationary scenario was get by
using the slow-roll conditions obtained in [26]. The magni-
tude was found to be much depended on the ‘sound speed’
of the noncanonical inflaton scalar fluctuations. The ‘sound
speed’ can also describe the noncanonical effect of the infla-
ton, which is unity in canonical one and the smaller the ‘sound
speed’ is, the stronger the noncanonical effect is. The amount
of non-Gaussianity can be enhanced by the larger departure
from canonical case. The result we obtained is a first-order
perturbation theory one and the primordial non-Gaussianity is
dominated by first-order perturbations when the ‘sound speed’
cs ≪ 1 (the strong noncanonical effect in our case). In slow-
roll canonical case, the general result fNL ∼ O(1) given by
the model independent second-order perturbation theory can
be important. Thus the second-order effect sets a lower bound
of non-Gaussianity for inflation.
We give the DBI warm inflationary example to make the
analysis of non-Gaussianity in our new scenario more vi-
sualized. That the PLANCK satellite find no evidence for
primordial non-Gaussianity indicates that the ‘sound speed’
should not be much less than unity. Using the PLANCK
observations on primordial non-Gaussianity, we obtain the
lower bound of ‘sound speed’ in DBI warm inflationary model
(cs ≥ 0.09). We also give the dependence on thermal dissipa-
tive strength and reach the conclusion that it can enhance the
non-Gaussianity but not very significant especially in weak
noncanonical regime (cs ∼ 1). The non-Gaussian signature in
other noncanonical warm inflationary model such as tachyon
warm inflation [60, 61] and power-law warm k-inflation also
deserve much research and these can be our future work.
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